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Abstract 
This study aims to synthesize a low band gap semiconductor that will able to convert higher band gap semiconductor under 
visible light driven photocatalyst. P-type Zinc ferrite (ZnFe2O4) particles were synthesized by a sol-gel method in acidic medium. 
A stoichiometric amount of zinc nitrate (Zn (NO3)2.4H2O) and ferric nitrate (Fe (NO3)3.9H2O were used. Thermogravimetric 
analysis (TGA) was performed to study a weight loss at higher temperatures and UV – VIS to determine the minimum 
wavelength of lightrequired for the activation of the synthesized catalyst. TGA illustrated that maximum weight loss occurs in the 
temperature range 200-700 °C. When thetemperature exceeded 870 °C, no further decomposition of sample occurred. 
Absorbance pattern of ZnFe2O4 synthesized under two different conditions (i.e. under N2 gas atmosphere and under normal 
atmosphere) showed a similar absorbance pattern in wavelength ranges from 380-590 nm but from 590-800 nm, the sample 
calcined under N2 gas environment exhibits higher absorbance than the sample calcined under atmosphere condition. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Increase in world population required more resources to fulfill the need of people, which is resulting in 
industrialization and causing greenhouse gas (CO2) emission. In order to mitigate the climate change, there is a need 
to reduce CO2 emissions from different sources. Carbon dioxide is the main greenhouse gas (GHG) contributing to 
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global warming. Estimates by the Inter-governmental Panel on Climate Change (IPCC) suggest that CO2 emissions 
must be reduced by 50% to 85% by 2050 to avoid irreversible impacts [1].The biggest source of CO2 emission is 
through industrialization and it is very vital to reduce the emission from industry. However, the increase in 
population demanding more energy every day, thus, there is a need to capture CO2 emission rather than stopping 
industrialization or produce sustainable fuels. Thus, there is a great need to convert CO2 into fuel or other useful 
products to fulfill the need of industry without deprivations of world climate and the ozone layer. There are a 
number of researches on capturing of carbon dioxide and conversion into hydrogen carbon based fuel. Carbon 
capture and storage (CCS) strategies can be applied to de-carbonize the emissions from fossil-fuel industry. 
Compared to other CCS techniques, post-combustion capture (PCC) is most likely an appropriate option [2]. Several 
methods have been developed for the reduction of CO2 into methanol. A most sustainable method for CO2 reduction 
is photocatalytic reduction into methanol under visible light illumination. This method transforms CO2into useful 
hydrocarbon resources which can be used for any industry. However, CO2 reduction computed through 
photocatalytic processes requires efficient photocatalyst which can work under visible light condition. The biggest 
challenge in this process is the development of cost-effective and proficient photocatalyst. Currently, the majority of 
an available photocatalyst are only operational under the ultra-violet (UV) light which is only 4-5 % UV solar 
spectrum, In contrary, almost half portion of sunlight comprises of visible range. Therefore, it needs to develop 
visible light responsive photocatalytic. Literature illustrates that various visible light responsive photocatalyst are 
developed using several techniques including doping of semiconductor with metals, non-metals and composite of 
semiconductors[3].  
The metal-semiconductor doping is one of the prominent technique that allows electron transfer from 
semiconductor to metal due to the lower Fermi level of metals. Thus, photo electrons produced during 
photocatalysis transfer to metals and metals resist electron-hole pair recombination. In this process metal band gap is 
adjusted with semiconductor, but the selectivity of the product cannot be controlled in this technique [3, 4]. 
However, in the non- metal-semiconductor doping, non-metal introduce an impurity level slightly above than the 
valence band of semiconductor resulting decrease in band gap. However, some researchers reported that non-metals 
introduce an impurity level slightly below the conduction band of the semiconductor. This results in a reduction of 
electron-hole pair provide improved results but this mechanism is highly controversial [3, 5]. Whereas, the third 
technique is semiconductor-semiconductor doping. In this technique, two semiconductors are doped together and 
studies demonstrate that this technique produces efficient photocatalyst. In this technique selection of 
semiconductors are very important and based on the band gaps as one of the semiconductor must have lower band 
gap less than 2 eV   and other has higher band gap as compared to other. Low band gap semiconductor must have 
conduction band more negative than the conduction band of higher band gap semiconductor for transferring an 
excited electron to higher band gap semiconductor. It is proven that the resultant products of this technique 
considerably better than other two techniques  [6, 7]. This paper aims to study the effect of calcination parameters 
used for the calcination of semiconductors before doping. Moreover, the second objective of this research was to 
select and synthesize a low band gap semiconductor. Based on literature review Zinc ferrite was selected as a visible 
light drove photocatalyst because it has band gap less than 2 eV [8]. Nitrate route for the synthesis of the 
photocatalyst is very suitable because it avoids the formation of separated phases which enhanced the photo activity 
of the catalyst. P-type Zinc ferrites have magnetic properties and activate under visible light. Magnetic Ferrites 
symbolize an important class of semiconductor and have a great prospective in technological application. ZnFe2O4 is 
a promising semiconductor which is capable of sensitizing the other existing photocatalyst and have the ability to 
activate  under visible light, due to its small band gap[9]. 
 
2. Material and Methods 
2.1. Materials 
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The chemicals were purchased and used without any purification. Zinc nitrate, Zn (NO3)2.4H2O (99.5%), iron 
nitrate, Fe (NO3)3.9H2O (99.5%), nitric acid, HNO3, Agar were used for the synthesis of ZnFe2O4. 
2.2. Synthesis of Catalyst 
The ZnFe2O4 photocatalyst was prepared via a sol-gel method with slight variation in reaction conditions[10]. For 
the synthesis of spinel Zinc Ferrite, Zn(NO3)2.4H2Oand Fe(NO3)3.9H2O in 1:2  molar ratio were dissolved in 2M 
Nitric acidand 2.0 g of agar were also added in it. Then the solution was retained at room temperature for 3 h under 
continuous stirring. After that, this solution was heated with stirring at 90 °C. Gel was formed gradually. This gel 
was dried at 130 °C under vacuum for overnight and then dried at 110 °C for 24 hours without vacuum. Finally, the 
powder was calcined under two different conditions at 500 oC with a heating rate 10 °C /min (calcined for 14 h 
under normal atmosphere and under N2 gas environment for 3 h).Studies will also be carried out after sintering the 
samples at 500900 °C. This work will helpful to investigate the best sintering conditions to obtain better and highly 
active zinc ferrite particles. 
 
2.3. Instrumentation 
The ZnFe2O4 formation phases characterize by TGA and absorbance tested by using UV-Vis. The gel was 
inspected by Thermo-gravimetric analysis method (TGA) at a heating rate of 10 °C.  UV-Vis determined the 
minimum wavelength required for activation of the catalyst. 
3. Data Analysis 
The correlation analyses were carried out using R. This is a language for statistical computing and it provides 
cosmetic graphics. It is a GNU project which is similar to the S language and environment which was developed at 
Bell Laboratories (formerly AT&T, now Lucent Technologies) by John Chambers and colleagues. R can be 
considered as a different implementation of S. There are some important differences, but much code written for S 
runs unaltered under R. The distribution of temperature, time weight loss and spectral absorbance based analysis and 
plotting was done using R packages. Especially Correlation package provides the relationship information in a 
pictorial way. It illustrates the correlation matrices using colors and pie graph. Pie graph showed the correlation 
value and shaded blue color represents positive relationship and red color indicates a negative relationship.  It was 
used to produce a highly technical graphical representation of correlation. Moreover, the simple plotting was also 
done using R. In addition to this, rattle package was used for basic statistical analysis and plotting. 
 
3.1. Temperature Vs Weight loss analysis 
Table 1 indicates minimum, 1st quadrant, median, mean 3rd quadrant and maximum values of time, 
temperature and weight loss % during TGA. This test was performed for 92 minutes and maximum weight loss % 
was 36 % and temperature goes up to 900 °C, after 870 °C that no weight decomposition occurred which means that 
stable sample obtained at this temperature. 
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Table 1. Data distribution of temperature and weight loss 
 
 Time Temperature Weight retained % 
Min 0 50 63.86 
1st Qu 26 210 68.48 
Median 47 420 72.69 
Mean 47.08 425.2 78.9 
3rd Qu 68 630 92 
Max 92 870 99.99 
 
3.2. Spectral absorbance analysis 
Table 2.  Data distribution of absorbance of the sample. 
 Baseline 100T Sample under N2 Sample under atmosphere 
Min 0.5000 0.514 0.4933 
1st Qu 0.5101 0.733 0.6370 
Median 0.5289 0.805 0.7812 
Mean 0.5499 0.804 0.7630 
3rd Qu 0.5738 0.895 0.8905 
Max 0.8831 0.932 0.9061 
 
 
 
Table 2 illustrates the absorbance of baseline and sample calcined under two different conditions obtained 
from UV-Vis characterization. The baseline is standard and indicates a minimum value of absorbance 0.5 and the 
maximum value of absorbance 0.8831. The sample calcined under nitrogen gas environment showed minimum 
absorbance slightly higher than baseline and the maximum value is much higher than the standard line. The sample 
which calcined under atmosphere showed minimum absorbance less than baseline, but maximum value higher than 
baseline. 
4. Results and discussion 
4.1. Temperature Vs Weight loss analysis 
Fig.1 shows weight loss profilesof ZnFe2O4 as a function of time and temperature. It is evident that 
temperatures range of 50200 °C, the weight loss was due to the removal of water that still remain in the sample 
prior to this process which only account for 10 %. At temperature range of 200600 °C, the weight loss of the 
sample was double (20%) owing to the removal of inter layer water molecules and conversion of nitrates into 
ferrites. The weight loss of ZnFe2O4 from 600-870 C was believed come from the evolution of ZnFe2O4 complexes 
from the support surface and loss of ZnO with weight loss around 6%.These results are inagreement with previous 
work [11]. 
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Fig.1. Weight loss of ZnFe2O4 profile during calcination process 
Fig. 2 illustrates the correlation of time, temperature and weight loss. With the laps of time, the temperature 
was increased which is represented with blue pie graph, which represents both are directly dependent. However, the 
relation of time and temperature with weight loss is strongly negative correlated. The data represents that as 
temperature increased weight loss decreased. 
 
 
 
 
 
Fig. 2. Correlogram of TGA 
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4.2. Spectral absorbance analysis 
Fig .3 illustrates the UV-Vis spectra of as-synthesized ZnFe2O4 in wavelength ranges from 200-800. The 
absorbance increased rapidly from 0.5 to 0.9 and showed a maximum absorbance at 590 nm wavelength. 
Interestingly, the absorbance line becomes almost plateaus between 400-590 nm. Thereafter, absorbance starts to go 
down. The absorbance line for the atmosphere condition rapidly dropped as compared to the sample calcined under 
N2 gas environment indicating that the sample under N2 condition work better under UV and visible light irradiation, 
albeit both samples are activated at  similar wavelength i.e. 750 nm. These results are in agreement with other 
studies [12].  
 
 
 
 
 
Fig. 3.UV-Vis spectra for ZnFe2O4 under N2 and atmosphere conditions 
4.2.1. Correlation of Spatial absorbance in different conditions 
 
The Fig. 4 shows that baseline absorption values have a negative correlation with catalyst calcined under 
N2 and atmosphere. Although, under N2 gas environment the values can be predicted up to 50% using baseline data. 
But it is week correlation so it is not recommended to do that, however, the absorption values of the catalyst under 
N2 conditions have a strong positive correlation with catalyst synthesize under normal atmosphere. Thus, the 
absorption values of sample calcined under N2 or under atmospheric conditions can be used to simulate the values of 
each other with the accuracy of 90 %. 
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Fig. 4. Correlogram of UV-Vis 
5. Conclusion 
 
UV-Vis illustrates that zinc ferrite can be very efficient photocatalyst to utilize the visible light portion via 
sol-gel method. TGA results indicate that this method produces very stable particles. Based on results, the 
combination of ZnFe2O4 with another semiconductor in different ratios and calcined under different conditions 
should be tested because this combination produced a synergistic effect which enhanced photocatalytic activity of 
the catalyst. The addition of low band gap Zinc ferrite is also very effective to convert UV light-driven photocatalyst 
to visible light drovephoto catalyst. This combination also enhances e-/h+ separation which is very favorable for 
oxidation or reduction reactions. 
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